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(54) Process for producing highly pure aromatic polycarboxylic acid 

(57) IHIghiy pure, less colored aromatic polycarbox- 
ylic acids are produced from crude aromatic polycar- 
boxylic acids by simple procedures at low production 
costs. The crude aromatic polycarboxylic acid is mixed 
with aliphatic amine or alicyclic amine in the presence of 
a solvent to precipitate crystals of amine salt of aromatic 
polycarboxylic acid. The crystals are dissolved in water 
and decomposed, thereby obtaining the highly pure aro- 
matic polycarboxylic acids. 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . Reld of tiie Invention 

[0001] The present invention relates to a process for producing highly pure aromatic polycarboxyllc acids useful as 
raw materials for polyesters, polyamides and liquid crystal polymers, particularly useful for highly pure naphthalenedi- 
carboxyllc acids and highly pure biphenyldicarboxylic acids which are difficult to purify by known methods. 

10 

2. Description of the Prior Art 

[0002] Aromatic polycarboxyllc acids are commercially important as chemical intermediates, and have been widely 
used in the production of polyesters or polyamides particularly for use in manufacturing fibers, bottles and films. Among 
15 them, 2,6-naphthalenedlcarboxylic acid is particularly useful as raw materials of polyethylene naphthalate (PEN) and 
wholly aromatic liquid crystal polymers having excellent physical properties and mechanical properties. Therefore, the 
demand for 2,6-naphthalenedicait)oxylic acid is rapidly increasing in recent years. 

[0003] The aromatic polycarboxyllc acids presently used in wide industrial applications include terephthalic acid, 
isophthalic acid, phthalic acid, 2,6-naphthalenedicarboxylic acid, 4,4'-biphenyldtcarboxyllc acid, etc. 

20 [0004] It has been known that aromatk: polycarboxyllc acids are produced by oxidizing polyalkyi aromatic hydrocar- 
bons such as xylene, dialkylnaphthalene and diaikylbiphenyl with molecular oxygen in a solvent such as acetic acid in 
the presence of heavy metal such as Co and Mn and a bromine compound under high-temperature and high-pressure 
conditions. The aromatic polycarboxyllc acids produced by the oxidation reaction contain oxidation intermediates such 
as monocarboxylic acids and aldehydes and impurities such as bromine adducts derived from catalysts, colored com- 

25 ponents with undefined structure and metals such as Co and Mn derived from the oxidation catalyst. 

[0005] Such aromatic polycarboxyllc acids containing these impurities are unsuitable as raw materials of polyesters 
or polyamides, because resins produced by polymerizing such aromatic polycarboxyllc acids with alcohols or amines 
are deteriorated in physical or mechanical properties such as heat resistance, mechanical strength and dimensional 
stability. Also, crude aromatic dicarboxylic acids produced by oxidizing di-substituted aromatic hydrocarbons by molec- 

30 ular oxygen are usually colored yellow or black, and therefore, cannot be used directly in the applications requiring high- 
transparency such as bottles and films. Under these circumstances, continuous studies have been made over a long 
period of time to da^elop industrially useful processes for producing highly pure aromatic polycarboxyllc acids with less 
coloration. 

[0006] Organic compounds are purified generally by distillation, recrystallization, adsorption or combination 

35 thereof. However, since aromatic polycarboxylic acids have self-decomposition temperatures lower than their boiling 
points, it is impossible to purify aromatk: polycarboxylic acids by distillation, in addition, since aromatic polycarboxyllc 
acids are less soluble in solvents widely used in Industrial purpose, it is not easy to purify aromatic polycarboxylic acids 
by recrystallization. In particular, naphthalenedicarboxylic acids and biphenyldicarboxylic acids are substantially insol- 
uble in various solvents. For these reasons, no industrially advantageous process for the production of highly pure 

40 naphthalenedicarboxylic acids or highly pure biphenyldicarboxylic acids have been developed until now. 

[0007] Thus, since aromatic polycarboxylic acids themselves are difficult to purify by recrystallization, an alternative 
method has been proposed, in which aromatic polycarboxyllc adds are first reacted with amines to form amine salts 
having increased solubility, and then the amine salts are purified by crystallization or treatment with activated carbon, 
followed by decomposing the amine salts to obtain purified aromatic polycarboxylic acids. 

45 [0008] Japanese Patent Application Laid-Open No. 50-135062 discloses a process in which crude naphthalenedi- 
carboxylic acid are dissolved in an aqueous aliphatic amine solution, and the resultant solution is cooled or concen- 
trated to crystallize amine salts; Japanese Patent Application Lald-Open No. 7-118200 discloses a process in which 
crude naphthalenedicarboxylic acids are dissolved in a mixed solvent of amine, alcohol and water, and the resultant 
solution is cooled to crystallize amine salts; Japanese Patent Application Laid-Open No. 5-294891 discloses a process 

50 in which crude biphenyldicarboxylic acids are dissolved in a mixed solvent of amine and alcohol, and the resultant solu- 
tion is cooled to crystallize amine salts; U.S. Patent No. 5,565,609 discloses a process in which amine salts of aromatic 
dtearboxylic acids are dissolved in water and then purified by adsorption with activated carbon, and the purified amine 
salts are thermally decomposed in the presence of water; and U.S. Patent No. 5,481 ,033 discloses a process in which 
salts of aromatic dicarboxylic acid and aliphatic diamine are formed in an aqueous solvent, and then crystallized to 

55 obtain purified salts. 

[0009] The known crystallization methods mentioned above require heating operations for complete dissolution of 
salts and cooling operations for precipitation of crystals, making the methods compricated and Increasing utility costs. 
The treatment by activated carbon requires a targe amount of activated carbon primarily for decoloring. Therefore, the 
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above purification methods of crude aromatic polycarboxylic acids through the formation of amine salts also fail to avoid 
complicated operations and Increased production costs. 

[001 0] It is an object of the present invention to provide a process for producing highly pure aromatic polycarboxylic 
acids with less coloration from crude aromatic polycarboxylic acids at low costs in simple and industrially facilitated 



SUMMARY OF THE INVENTION 

[0011] As a result of extensive researches on purification of crude aromatic polycarboxylic acids in view of the 
10 above objects, the inventors have found that purified crystalline amine salt of an aromatic polycart)oxylic acid Is 
obtained by the salt-fonning reaction in which a crude aromatic polycarboxylic acid is mixed with an aliphatic amine 
and/or an alicyclic amine in the presence of a solvent under conditions which allow a substantial part of the amine salt 
being fomried to precipitate immediately after the amine salt-formation, thereby preventing the amine salt from com- 
pletely dissolving into the solvent. The present invention has been accomplished on the basis of this finding. 
15 [001 2] Thus, the present invention relates to a process for producing a highly pure aromatic polycaiboxylic add, the 
process comprising a salt fbnnation step of forming a crystalline amine salt by mixing an aromatic polycarboxylic acid 
with an aliphatic amine and/or an alicyclic amine in the presence of a solvent under conditions which allow a substantial 
part of the amine salt being formed to precipitate, thereby preventing the amine salt from completely dissolving Into the 
solvent. 

20 [0013] In the known purification methods by recrystallization through the formation of amine salts of aromatic poly- 
carboxylic acids, the whole amine salts are dissolved Into a solvent by heating, and then the resultant solution is cooled 
or concentrated to precipitate purified crystals of the amine salts. The Inventors have found that all organic acid com- 
ponents in crude aromatic polycarboxylic acids are convened into salts merely by mixing crude aromatic polycarboxylic 
acids with amines in an appropriate solvent without heating, and that a substantial part of the amine salt of aromatic 

25 polycarboxylic acids, I.e., excess amine salts of aromatic polycarboxylic acids exceeding the solubility to the solvent are 
allowed to precipitate as purified crystals immediately after the formation, while the amine salts of impurities remain dis- 
solved in the solvent. Namely, in the process of the present invention, the amine salts are purified without creating com- 
plete dissolution state as employed in the conventional purification methods, so that highly pure aromatic polycarboxylic 
acid are produced in extremely simple manner. 



DETAILED DESCRIPTION OF THE INVENTION 

[0014] The crude aromatic polycarboxylic acids to be purified In the present invention are polycarboxylic acids hav- 
ing one or more aromatic rings, for example, aromatic rings of aromatic hydrocarbons such as benzene, naphthalene 

35 and biphenyl, to which two or more carboxyl groups are bonded. 

[0015] The crude aromatic polycarboxylic acids used as raw materials In the present Invention are produced, but 
not critical, by oxidizing the above aromatic hydrocarbons having two or more carboxyl group-forming substituents by 
oxidation, such as alkyi groups, e.g., methyl, ethyl and isopropyl, fomriyl group and acetyl group, with molecular oxygen 
in the presence of an oxidation catalyst composed mainly of a heavy metal such as Co and Mn. and bromine. 

40 [0016] Examples of disubstituted naphthalenes as raw materials of naphthalenedicarboxylic acid, to which the 
present invention is preferably applicable, include dimethylnaphthalenes, diethylnaphthalenes, diisopropylnaphtha- 
lenes, methylnaphthaldehydes, isopropylnaphthaldehydes and butyrylmethylnaphthalenes. Of these naphthalenes, 
2,6-, 2,7- and 1 ,5-isomers are especially useful as raw materials of polyesters, urethanes or liquid crystalline polymers. 
Crude naphthalenedlcariDoxylic acids particularly produced by oxidizing dialkylnaphthalene with molecular oxygen in 

45 the presence of an oxidation catalyst contains, in addition to colored components and metals of oxidation catalyst of 
heavy metal and bromine, organic impurities such as fomriylnaphthoic acid as an oxidation Intemriediate, trimellltto acid 
as a decomposed product of naphthalene ring, bromlnated naphthalenedicartsoxylic acid as bromlnated products, and 
naphthalenetricarboxylic acids derived from raw materials. 

[0017] Examples of disubstituted biphenyls as raw materials of biphenyldicarboxylic acids include dimethylbiphe- 
50 nyl, diethylbiphenyl, diisopropylbiphenyl, methylfonnylbiphenyl and ethytfomriylbiphenyl. Of these biphenyls, 4,4'-iso- 
mers are especially useful as raw materials of polyesters, polyamides and liquid crystal polymers. Crude aromatic 
dicarboxylic acid produced by oxidizing disubstituted biphenyls with molecular oxygen In the presence of an oxidation 
catalyst usually contains, in addition to colored components and metals of oxidation catalyst, organic impurities such as 
formylbiphenylcarboxylic acid as oxidation intemnedlate, alkylblphenyl carboxylic acids, and biphenylmonocarboxylic 
55 acids derived from the raw materials. 

[0018] The process for the purification of crude aromatic polycarboxylic acids of the present invention basically 
comprises two steps of precipitating crystalline amine salts of aromatic dicarisoxyllc acids by mixing the crude aromatk: 
polycarboxylk: acids with amines in the presence of a solvent (hereinafter refen^ed to merely as "salt fomriation step"), 
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and decomposing the precipitated amine salts (hereinafter referred to merely as "salt decomposition step"). 
[001 9] Examples of the aliphatic amines and the alicyclic amines (hereinafter referred to merely as "amines") used 
in the salt formation step of the present invention include aliphatic amines such as methylamine, dimethylamine, tri- 
methylamine, ethylamine, diethylamine, triethylamine, propylamine, di propylamine, tripropylamine, Isopropylamine, 
5 dilsopropylamine, triisopropylamine, butylamine, dibutylamine, tributylamine and 2-ethylhexylamine; and alicyctic 
amines such as piperidine, N-methylpiperidine, pyn'olidine, ethylene-imine and hexamethyleneimine. These amines 
may be used singly or in combination of two or more. 

[0020] Of these amines, tertiary amines such as trimethylamlne, triethylamine, tripropylamine and triisopro- 
pylamine are prefen-ed in view of high decomposition speed of their salts with aromatic poiycarboxylic acids and easi- 
10 ness of their recovery. Triethylamine and trimethylamlne are more preferred In view of easiness of handling and 
availability. 

[0021 ] The amine may be used in equivalent amount to cartoxyl groups of the crude aromatic poiycarboxylic acids 
or more. The economical amount for industrial use Is preferably 1.0 to 1.2 equivalents to one equivalent of carboxyl 
group. 

75 [0022] The crude aromatic polycarisoxylic acids rapidly fbmis amine salts when reacted with the amines in the pres- 
ence of a solvent having a dissolving power to the amine salts, such as water, alcohols, pyridines, amides and dimethyl 
sulfoxide. From the finding by the inventors, only the amine salts of aromatic poiycarboxylic acids can be precipitated 
as purified crystals while retaining the amine salts of impurities dissolved in the solvent by appropriately selecting kind, 
composition and amount of the solvent to be used. 

20 [0023] The purification via the salt-fonming reaction between the crude aromatic poiycarboxylic acid and the amine 
Is carried out in the presence of a solvent having a dissolving power to the amine salt, such as water, alcohols, pyrid- 
ines, amides and dimethyl sulfoxide. The amine salts usually have high solubility to water. For example, di(triethyl 
amine) salt of 2,6-naphthalenedicarboxylic acid exhibits a solubility of lOOg amine sait/IOCg water or higher even at 
25°C. Therefore, when only water is used as the solvent for the salt formation, the purification must be earned out at 

25 extremely low temperatures to achieve a high recovery of the amine salt, because a large amount of the amine salt is 
dissolved therein at ordinary temperature. On the contrary, the salt formation using only a specific organic solvents such 
as alcohols, pyridines, amides and dimethyl sulfoxide gives industrially acceptable recovery of the purified amine salt, 
because the solubility of the amine salt to these solvents is generally small as compared with the solubility to water. The 
amine salts of aromatic poiycarboxylic acids are substantially insoluble in some water-soluble organic solvents such as 

30 acetone, acetonitrile and tetrahydrofuran. Therefore, the sole use of such a water-soluble organic solvent falls to form 
the amine salt, and even if formed, since all components including impurities are precipitated together. 
[0024] Examples of the organic solvents for the salt formation step usable under water-free conditions include alco- 
hols such as methanol, ethanol, propanol, isopropanol, butanol, 1,2-ethanediol, 1 ,2-propanediol, 1 ,3-propanediol, 1,3- 
butanediol, 1 ,4-butanediol, 2,3-butanediol, 1 ,5-pentanediol and glycerol; pyridines such as pyridine, a-picoline, p-pico- 

35 line, y-picoline, 2,4-1 utldine and 2,6-lutidine; amides such as formamide, N-methylfomiamide, N,N-dimethylformamlde, 
N,N-diethylformamide, N-methylacetamide, N,N-dimethylacetamide and N-methylpropionamide; and dimethyl sulfox- 
ide. These organic solvents may be used singly or in combination of two or more. In view of purification efficiency and 
recovery of crystals, preferred are alcohols having 3 or less carbon atoms such as methanol, ethanol, propanol, isopro- 
panol, 1,2-ethane diol, 1,2-propane diol and 1,3-propane diol, pyridines such as a-picoline, p-picoline, y-plcoline, and 

40 amides such as N,N-diethylacetamide and N,N-diethylformamide. 

[0025] By using water alone or a solvent mixture of water and a water-soluble organic solvent as the solvent for the 
salt fomiation step in place of the alcohols, pyridines, amides and dimethylsulfoxide mentioned above, amine salts of 
aromatic polycarisoxylic adds are obtained in the fomn of granular crystals having a relatively large particle size with 
high purification effect. 

45 [0026] In addition to the high purity of the crystals themselves, since the crystals are easy to filter and can be effec- 
tively rinsed, the purification effect of the amine salts can be further enhanced. 

[0027] Examples of the water-soluble organic solvents usable in combination with water in the salt formation step 
include, but not critical, alcohols such as methanol, ethanol, propanol, isopropanol, butanol, 1 ,2-ethanediol, 1 ,2-propan- 
ediol, 1 ,3-propanediol, 1 ,3-butanediol, 1 ,4-butanedlol, 2,3-butanediot, 1 ,5-pentanedioi and glycerol; ketones such as 

50 acetone and methyl ethyl ketone; amides such as formamide, methylformamide, dimethylformamide, diethylformamide, 
methylacetamlde, dimethylacetamide and methylpropionamide; pyridines such as pyridine, a-picoline, p-picoline, y- 
picoline, 2,4-lutidine and 2,6-lutidine; acetonitrile; tetrahydrofuran; dioxane; and dimethyl sulfoxide. In view of purifica- 
tion effect and recovery of crystals, prefen-ed are acetone, acetonitrile, pyridine, picoline, alcohols having 3 or less car- 
bon atoms such as methanol, ethanol, propanol, isopropanol, 1,2-ethanediol, 1 ,2-propanediol and 1 ,3-propanediol, 

55 amides such as dimethylacetamide and dimethylfomnamide, and more preferred are acetone, pyridine and picoline. 
[0028] The purification via the salt formation without forming complete solution is novel purification different from 
the known methods such as distillation, recrystallization and adsorption ordinarily employed in purifying organic com- 
pounds. Any of the purification methods by distillation, recrystallization and adsorption must include a complete solution 
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state in the course of the purification treatment In contrast, the purification via the salt formation according to the 
present invention is perfomfied without bring about a complete solution state and always perfomied In a slunry state con- 
taining as solid matters crude aromatic potycarboxylic acid as raw material and the amine salt of aromatic polycarbox- 
ylic acid precipitated by the salt formation. The purification effect may be somewhat comparable to that of 
5 recrystallization. However, in the purification via the salt fonnation, a high recovery of purified amine salts is achievable 
by mere mixing under stinring at ordinary temperature under ordinary pressure, and therefore, is more excellent in many 
points than the conventional recrystallization methods. 

[0029] Unlilce tiie known purification by recrystallization, the purification via the salt fonnation according to the 
present invention does not need a complete dissolution of the reaction system. The solubility of the amine salt varies 

10 depending upon kinds of aromatic polycarboxyric acid and amine, kind and amount of solvent, water content of a mixed 
solvent of water and water-soluble organic solvent, if used, and the salt-forming temperature. The recovery of the amine 
salt In the salt fomnation step is detemiined only by charge ratio between the raw materials and solvent, and the solu- 
bility of the amine salt to the solvent at the salt formation temperature. This enables the use of a variety of solvents even 
when a high recovery of the amine salt is required. Further, since the amine salt can be purified only by mixing under 

15 stirring at ordinary temperature under ordinary pressure, the purification Is done by easy operations using simple appa- 
ratus. To achieve a high recovery in the known purification by recrystallization, only a limited number of solvents are 
usable because the solubility is required to have a large temperature-dependency. In addition, heating for dissolution 
and cooling for crystallization increase the purification costs and complicate apparatuses and operations. 
[0030] The amount of the solvent used in the salt formation step is usually about 1 to 1 GO parts by weight, preferably 

20 about 3 to 30 parts by weight based on one part by weight of the crude aromatic polycarboxyric acid, though it varies 
depending on kinds of crude aromatk; polycarisoxylic acids and amines, kinds of the solvents, etc. An excessively large 
amount of the solvent reduces the recovery of amine salts. Too small an amount of the solvent results in low purification 
effect. The water content of the mixed solvent of water and tiie water-soluble organic solvent is 1 to 80% by weight, pref- 
erably 5 to 50% by weight. When the water content is too large, the recovery of amine salts is reduced. When the water 

25 content is too small, no expected purification effect by using water is obtained. Accordingly, the amount of the solvent 
based on the aromatic polycari30xyric acid is selected from the above range in view of the recovery and purification 
degree of the amine salt as well as the operability of solid-liquid separation and the recovery of solvent. 
[0031] The salt formation step may be earned out in either batch-wise or continuous manners. In both batch-wise 
and continuous salt formations, the crude aromatic polycarisoxylic acid and the amine may be added under stin-ing in 

30 any order to water, the organic solvent or tiie mixed solvent comprising water and the water-soluble organic solvent. The 
amine salt is readily fomned when the crude aromatic polycartoxylic acid is contacted with the amine in the solvent. 
When a mixed solvent with a deficient water content Is used, a sufficient purification is not achieve as mentioned above. 
A high recovery can be attained by completing the salt fonnation in a mixed solvent having a high water content and 
subsequentiy adding a water-soluble organic solvent to allow the amine salt dissolved in the solvent to precipitate. 

35 [0032] The temperature and pressure of the salt formation step varies depending upon the kind, composition and 
amount of the solvent used and the intended recovery of the amine salt. Since the temperature Is raised due to the neu- 
tralization heat of the crude aromatic polycarboxylic acid and the amine during the salt formation, the evolved heat may 
be dissipated, if required. Furtiier, since the complete dissolution is avoided in the salt fonnation according to the 
present invention, heat and pressure are not needed unless othenvise required. The salt formation is usually conducted 

40 at 0 to 200°C, preferably 0 to 70°C, and more preferably 1 0 to SO^'C in view of easiness of industrial applications, and 
under a pressure of 0 to 10 MPa • G, preferably from atmospheric pressure or 1 MPa • G or less. 
[0033] The sluny produced in the salt fomnation step contains amine salt crystals and is then subjected to solid-liq- 
uid separation such as filtration, centrifugation and decantation to separate the slurry into amine salt crystals acid and 
a mother liquor containing concentrated Impurities. The separated crystals are rinsed or washed after reslumed with a 

45 poor solvent to the amine salt, preferably with the organic solvent used in the salt formation step, to remove the mother 
liquor remaining on the crystals. The purity of crystals can be further increased by dissolving off only the outer portion 
of crystals at which Impurities are concentrated. 

[0034] The mother liquor and the washings of crystals obtained in the salt fonnation step contain, in addition to the 
solvent used, non-recovered amine salt of aromatic polycarboxylic acid and impurities. When a large amount of the 

50 amine salt remains not recovered in the mother liquor or the washings, the remaining amine salt may be partly or com- 
pletely recovered to Increase the overall recovery by adding a poor solvent to the amine salt or by cooling to tempera- 
tures lower than the salt formation temperature, thereby decreasing the solubility of the amine salt enough to 
precipitate. Also, a part or whole of the amine or organic solvent contained in the mother liquor and the washings may 
be separated from impurities by distillation or liquid-liquid separation metiiod, and may be recycled to the salt formation 

55 step for reuse. 

[0035] By operating the salt formation step In the manner described above, substantially all the organk; impurities 
are removed from the crude aromatic polycarboxylic acid. Further, the colored components contained In the crude aro- 
matic polycarboxylic acid are also sufficientiy removed, crystals of highly pure amine salt with less coloration are 
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obtained. 

[0036] The colored components and the organic impurities can be removed more sufficiently by treating the amine 
salt with a solid adsorbent or re-crystallization. The solid adsorbents may include activated carbon, activated clay, zeo- 
lite, etc., and activated carbon is most prefen-ed due to its large decoloring power and high ability of removing the 

5 organic impurities. For example, the treatment by activated carbon powder may be carried out simultaneously with the 
salt fomnation or after the salt formation by contacting the powder with a solution of the amine salt In a solvent such as 
water. In industrial targe-scale treatment, a continuous flow method using granular activated carbon is advantageous, 
in which an aqueous solution of purified amine salt from the salt formation step is filtered to remove the insolubles and 
introduced into an adsorption column filled with granular activated carbon where the colored components and the 

10 organic impurities are removed by adsorption. After adsorption, acid or alkaline solutions containing amines, NaOfH, 
KOH, HCI, HNO3, etc., are allowed to pass through the adsorption column for desorption and regeneration, thereby 
using the activated carbon repeatedly. 

[0037] The purified amine salt of aromatic polycarboxylic acid obtained in the salt formation step may be recrystal- 
lized for further purification. The recrystallization may be performed by dissolving the amine salt into a solvent under 

IS heating and then cooling or concentrating the resultant solution to precipitate crystals of the amine salt, or by dissolving 
• the amine salt In a good solvent for the amine salt such as water and then adding a poor solvent for the amine salt such 
as acetone and alcohols, thereby precipitating crystals of the amine salt. Although the solvent usable for the recrystal- 
lization are not necessarily the same as those used in the salt fonnation step, the organic solvent or the mixed solvent 
of water and the water-soluble organic solvent used in the salt formation step is advantageous In industrial applications. 

20 By the recrystallization of the amine salt of aromatic polycarboxylic acid obtained in the salt formation step, a highly 
pure amine salt having remarkably improved in decoloration and containing a less amount of organic impurities are 
obtained. 

[0038] After dissolved in water, foreign matters, insolubilized metal impurities, etc. are removed from the amine salt 
of aromatic polycarboxylic acid purified in the manner described above by solid-liquid separation such as filtration, cen- 

25 trifugation and decantatlon. The object compounds, aromatic polycarboxylic acids, are obtained from aqueous solu- 
tions of coresponding amine salts by a method where an acid, such as acetic acid and hydrochloric add, having an 
acidity higher than that of the object aromatic polycarboxylic acid is added to the aqueous solution of the amine slat, 
thereby precipitating the object aromatic polycarboxylic acid; a method where the aqueous solution is directly heated to 
completely distill off water and amine; or a method where the amine salt is themially decomposed in the presence of 

30 water, thereby precipitating the object aromatic polycarboxylic acid from the aqueous solution. 

[0039] In the method of adding an acid to precipitate the object aromatic polycarboxylic acid, organic acids such as 
acetic add and propionic acid or inorganic adds such as sulfuric acid and hydrochloric acid may be added to the aque- 
ous solution dissolving the amine salt to precipitate the object aromatic polycarboxylic acid. Since this method is likely 
to precipitate fine crystals, it is preferred to increase the grain size by conducting the precipitation at elevated tempera- 

35 tures of 1 00°C or higher, preferably about 1 50®C, or by prolonging the residence time of the crystals in the reaction sys- 
tem. The precipitated crystals are recovered by solid-liquid separation such as filtration and centrlfugation, washed with 
water, the organic acids used, etc., and then dried, thereby obtaining highly pure aromatic polycarboxylic acids. 
[0040] In the method of directly heating the aqueous solution to decompose the amine salt, the aqueous solution 
is heated while stirring to decompose the amine salt and completely distill off amine concomitantly with water, thereby 

40 obtaining highly pure aromatic potycarisoxylic acids. 

[0041] In the method of heating the aqueous solution in the presence of water to decompose the amine salt, the 
aqueous solution is heated in the presence of water to decompose the amine salt and then water and amine are distilled 
off, thereby precipitating the aromatic polycarboxylic acid from the aqueous solution. In this method, a very small 
amount of the organic impurities which are not removed in the salt fomnation step remains dissolved in the aqueous 

45 solution as amine salts, thereby further enhancing the purification effect. Also, the decomposition of the amine salt by 
this method is advantageous, because the resultant aromatic polycarboxylic acids have a large particle size and are 
excellent In flowability and easiness of filtering. 

[0042] For example, in the above method in which the amine salt of aromatic polycarboxylic acid is thermally 
decomposed in the presence of water and the evolved amine is distilled off to precipitate the aromatic polycarboxylic 

50 acid, an aqueous solution of the amine salt is charged into a reaction vessel where the amine salt is heated to its 
decomposition temperature or higher to decompose, thereby obtaining a distillate containing the evolved amine while 
precipitating the aromatk: polycarboxylic acid in the reaction vessel. During the simultaneous distillation and precipita- 
tion, the amount of water in the reaction vessel is preferably kept at a predetemiined level or higher by feeding water 
thereinto. The decomposition of the amine salt is stopped when a predetemiined amount or higher, preferably 50% or 

55 higher, more preferably 90% or higher of the amine salt is decomposed. 

[0043] The amount of water used in the salt decomposition step varies depending upon kinds of the aromatic poly- 
carboxylic acid and amine being evolved, and is preferably 0.2 to 20 parts by weight, more preferably 0.5 to 5 parts by 
weight based on one part of the amine salt of aromatk: polycarboxylk: acid. When the temperature of the salt decom- 
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position step is too low, the decomposition speed of the amine salt is lowered so that the amount of distillate is 
increased. When the temperature is too high, the evolved amine and aromatic polycarboxylic add may be further 
decomposed or undesirably colored. Therefore, the temperature of the salt decomposition step is 50 to 250**C, prefer- 
ably 120 to 2^0°C. The pressure in the salt decomposition step varies depending upon the proportions of contents in 
5 the reaction vessel at the heating temperature, and is usually -0.1 to 5 MPa • G, preferably 0 to 2 MPa • G. The heat sup- 
ply can be reduced by decomposing the amine salt while blowing an inert gas such as a nitrogen gas into the reaction 
vessel. 

[0044] By the above methods, the amine salt of aromatic polycarboxylic acid is decomposed and the evolved amine 
is collected by cooling, thereby recovering whole amine used. The recovered amine is purified, if desired, and reused 

10 in the salt formation step. Simultaneously with the distillation of the amine, the liberated aromatic polycarboxylic acid is 
precipitated in the solution. The precipitated aromatic polycarboxylic acid is separated and recovered from the solution 
by solid-liquid separation methods such as filtration and centrifugation. The recovered crystals may be washed with 
water to remove impurities attached thereto. The mother liquor and the washings of crystals after the solid-liquid sepa- 
ration may be recycled to the salt formation step to remove the concentrated impurities out of the reaction system. The 

75 obtained crystals are dried to obtain a highly pure aromatic polycarboxylic acid. 

[0045] By decomposing the amine salt in the presence of water as described above, organic impurities such as aro- 
matic tricarboxylic acids and brominated aromatic carboxylic acids, which are relatively difficult to remove in the salt for- 
mation step, are almost completely removed. Also, the resultant aromatic potycartoxylic acid is less colored and has 
increased particle size. 

20 [0046] The present invention will be explained in more detail by reference to the following examples which should 
not be construed to limit the scope of the present invention. 

[0047] In the following examples and comparative examples, the organic Impurities in the raw materials, the amine 
salts of aromatic dicarboxylic acids and crystals of highly pure aromatic dicarboxylic acids were analyzed by gas chro- 
matography after methyl esterification, and the metal impurities were analyzed by ICP emission spectrometry after wet 
25 decomposition. 

[0048] The degree of coloration was evaluated by 400nm optical density (OD400) measured on an aqueous solution 
of one gram of sample naphthalenedicarboxylic add or biphenyldicarboxylic acid in 10 ml aqueous solution of IN 
sodium hydroxide using a quartz cell with 10mm penetration distance. The degree of coloration of the amine salt was 
evaluated in the same manner as above after vacuum dry at 1 0O^C for 3 hours. The mean partide diameter was meas- 
30 ured by a laser diffraction particle-size analyzer. The recovery was expressed by the ratio of the amount of aromatic 
dicarboxylic acid in crystals based on the amount of crude aromatic dicarboxylic acid charged as the raw material. 
[0049] The following abbreviations are used in the examples, comparative examples and Tables. 

NDCA: Naphthalenedicarboxylic acid; 
35 NA: Naphthoic acid; 

FNA: Fomnyl naphthoic acid; 
TMAC: Trimellitic add; 

Br-NOCA: Brominated naphthalenedicarboxylic acid; 

NTCA: Naphthalenetricarboxylic acid; 
40 L.E.: Low-boiling components; 

H.E.: High-boiling components; 

TEA: Triethylamine; 

TMA: Trimethylamine; 

DEA: Diethylamine 
45 NDCA • TEA: Naphthalenedicarboxylic acid di(triethylamlne) salt; 

NDCA 'TMA: Naphthalenedicarboxylic acid di(trimethylamime) salt; 

NDCA* DEA: Naphthalenedicarboxylic acid di (diethylamine) salt; 

NDCA* EA: Naphthalenedicarboxylic acid di(ethylamlne) salt; 

BPDA: Biphenyldicarboxylic acid; 
50 BPDA IS: Biphenyldicarboxylic acid isomer; 

BPDA* TEA: Biphenyldicarboxylic acid di(triethylamine) salt; 

BPMA: Biphenylmonocarboxylic acid; and 

TA: Terephthalic acid. 

55 Example 1 

[0050] The oxidation product of 2,6-dimethylnaphthalene in the presence of an oxidation catalyst containing a 
heavy metal and a bromine compound was filtered, washed and then dried to produce a crude 2,6-NDCA shown in 
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Table 1 as a starting material. The crude 2,6-NDCA contained 540 ppm of Co and 2,500 ppm of 
[0051 ] Into a 2-llter three-necked glass flask equipped with a reflux condenser, a stimng device and a temperature- 
measuring tube, were charged 200 g of the crude 2,6-NDCA shown in Table 1 and 500 g of 10% water-containing eth- 
ane! as a solvent. After adding 200 g of TEA (1 .07 equivalents based on the acid equivalent of 2,6-NDCA), the contents 
5 of the flask was mixed with stirring at a constant temperature of 25^C for 30 minutes to fonn amine salt. The resultant 
slurry containing purified 2,6-NDCA « TEA crystals was filtered through a G2 glass filter, and the crystals on the filter 
were rinsed with 200 g of acetone to obtain 334 g of 2,6-NDCA • TEA crystals (79.5 % recovery). The chemical compo- 
sition and the degree of coloration of the obtained crystals are shown in Table 1 . 

10 Example 2 

[0052] In the same manner as in Example 1 except that 1,000 g of 20% water-containing acetone were used 
instead of 500 g of 1 0% water-containing ethanol, 328 g of 2,6-NDCA • TEA crystals were obtained (78.0 % recovery). 
The chemical composition and the degree of coloration of the obtained crystals are shown in Table 1 . 

15 

Example 3 

[0053] In the same manner as in Example 1 except that 1,000 g of 20% water-containing acetonitrile were used 
instead of 500 g of 1 0% water-containing ethanol, 235 g of 2,6-NDCA • TEA crystals were obtained (55.9 % recovery). 
20 The chemical composition and the degree of coloration of the obtained crystals are shown In Table 1 . 

Table 1 



25 




Crude 
2.6-NDCA 


Example 1 


Example 2 


Example 3 




Chemical Composition (%) 










2,6-NDCA 


97.610 


99.750 


99.908 


99.885 


30 


TMAC 


1.124 


0.055 


0.010 


0.011 




FNA 


0.398 


0.064 


0.013 


0.013 




NTCA 


0.340 


0.059 


0.040 


0.059 


35 


Br-NDCA 


0.283 


0.042 


0.021 


0.026 




L.E. 


0.089 


0.013 


0.004 


0.002 


AO 


H.E 


0.156 


0.017 


0.004 


0.004 


Degree of Coloration 










OD400 


2.180 


0.183 


0.148 


0.158 



45 



Example 4 

50 

[0054] In the same manner as in Example 1 except that 1,000 g of 10% water-containing pyridine were used 
instead of 500 g of 10% water-containing ethanol, 372 g of 2,6-NDCA - TEA crystals were obtained (88.5 % recovery). 
The chemical composition and the degree of coloration of the obtained crystals are shown In Table 2. 

55 Example 5 

[0055] In the same manner as in Example 1 except that 1 ,000 g of 1 0% water-containing tetrahydrof uran were used 
instead of 500 g of 1 0% water-containing ethanol, 382 g of 2,6-NDCA 'TEA crystals were obtained (90.9 % recovery). 
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The chemical composition and the degree of coloration of the obtained crystals are shown in Table 2. 
Example 6 

5 [0056] In the same manner as in Example 1 except that 1 ,000 g of 1 0% water-containing dimethylacetamide were 
used instead of 500 g of 1 0% water-containing ethanol, 356 g of 2,6-NDCA • TEA crystals were obtained (84.7 % recov- 
ery). The chemical composition and the degree of coloration of the obtained crystals are shown in Table 2. 

Example 7 

10 

[0057] In the same manner as in Example 1 except that 500 g of 20% water-containing isopropanol were used 
instead of 500 g of 10% water-containing ethanol, 355 g of 2,6-NDCA • TEA crystals were obtained (84.4% recovery). 
The chemical composition and the degree of coloration of the obtained crystals are shown In Table 2. 

15 

Table 2 



Example 4 Example 5 Example 6 Example 7 



Chemical Composition (%) 








2.6-NDCA 


99.756 


99.614 


99.632 


99.895 


TMAC 


0.035 


0.155 


0.132 


0.015 


FNA 


0.047 


0.074 


0.074 


0.015 


NTCA 


0.083 


0.059 


0.046 


0.044 


Br-NDCA 


0.062 


0.032 


0.035 


0.022 




0.012 


0.055 


0.025 


0.005 


hj: 


0.005 


0.011 


0.056 


0.004 


Degree of Coloration 
OD400 0.155 


0.213 


0.174 


0.189 



40 Example 8 

[0058] Into a 2-liter three-neclced glass flask equipped with a reflux condenser, a stirring device and a temperature- 
measuring tube, were charged 200 g of the crude 2,6-NDCA shown in Table 1 and 400 g of ethanol. After adding 200 
g of TEA (1 .07 equivalents based on the acid equivalent of 2,6-NDCA), the contents of the flasl< was mixed with stirring 
45 at a constant temperature of 25°C for 30 minutes to form amine salt. The resultant slun7 containing 2,6-NDCA* TEA 
crystals was filtered through a G2 glass filter, and the crystals on the filter were rinsed with 200 g of acetone to obtain 
302 g of 2,6-NDCA* TEA crystals (71.8 % recovery). The chemical composition and the degree of coloration of the 
obtained crystals are shown in Table 3. The obtained crystals were slightly reduced in purity and colored as compared 
with Example 1 where ethanol containing 10% water was used as the solvent 

50 

Example 9 

[0059] In the same manner as in Example 8 except that 500 g of a-picoline were used instead of 400 g of ethanol, 
340 g of 2,6-NDCA* TEA crystals were obtained (80.9 % recovery). The chemical composition and the degree of col* 
55 oration of the obtained crystals are shown in Table 3. 
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Example 10 

[0060] In the same manner as in Example 8 except that 500 g of dimethylacetamide were used instead of 400 g of 
ethanol, 355 g of 2,8-NDCA • TEA crystals were obtained (84.4 % recovery). The chemical composition and the degree 
5 of coloration of the obtained crystals are shown in Table 3. 

Example 1 1 

[0061] In the same manner as in Example 8 except that 400 g of dimethylsulfoxide were used instead of 400 g of 
10 ethanol. 328 g of 2,6-NDCA • TEA crystals were obtained (78.0 % recovery). The chemical composition and the degree 
of coloration of the obtained crystals are shown in Table 3. 

Example 12 

15 [0062] In the same manner as in Example 8 except that 200 g of water were used instead of 400 g of ethanol and 
the salt fomnation, filtration and rinsing were performed at O^C while cooling with ice, 123 g of 2,6-NDCA • TEA crystals 
were obtained (29.3 % recovery). The chemical composition and the degree of coloration of the obtained crystals are 
shown in Table 3. Since only water was used as the solvent for the salt fomiation, the recovery was lowered. 

^ Tables 



Example 8 Example 9 Example 10 Example 11 Example 12 



Chemical Composition \%) 










2,6-NDCA 


99.651 


99.691 


99.691 


99.667 


99.654 


TMAC 


0.088 


0.078 


0.078 


0.079 


0.085 


FNA 


0.078 


0.061 


0.061 


0.082 


0.078 


NTCA 


0.065 


0.066 


0.042 


0.064 


0.081 


Br-NDCA 


0.056 


0.056 


0.068 


0.048 


0.060 


L.E. 


0.041 


0.023 


0.025 


0.025 


0.021 


H.E 


0.021 


0.025 


0.035 


0.035 


0.021 


Degree of Coloration 
OD400 0-258 


0.189 


0.215 


0.254 


0.154 




Example 13 

45 

[0063] Into a 2-liter three-necked glass flask equipped with a reflux condenser, a stirring device and a temperature- 
measuring tube, were charged 200 g of the crude 2,6-NDCA shown in Table 1 and 1 122.8 g of acetone. After adding 

401 g of 30 wt.% TMA aqueous solution (1.1 equivalents based on the acid equivalent of 2,6-NDCA), the contents of 
the flask was mixed with stirring at a constant temperature of 25°C for 30 minutes to form amine salt. The resultant 
50 slurry containing 2,6-NDCA • TMA crystals was filtered through a G2 glass filter, and the crystals on the filter were 
rinsed with 200 g of acetone to obtain 228 g of 2,6-NDCA • TMA crystals (73.7 % recovery). The chemical composition 
and the degree of coloration of the obtained crystals are shown in Table 4. 

Example 14 

55 

[0064] Into a 2-liter three-necked glass flask equipped with a reflux condenser, a stirring device and a temperature- 
measuring tube, were charged 200 g of the crude 2,6-NDCA shown in Table 1 and 1000 g of 20 wt.% water-containing 
acetone. After adding 1 48.8 g of DEA (1 .1 equivalents based on the acid equivalent of 2,6-NDCA), the contents of the 
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flask was mixed with stirring at a constant temperature of 25®C for 30 minutes to fonn amine salt. The resultant slurry 
containing 2,6-NDCA • DEA crystals was filtered through a G2 glass filter, and the crystals on the filter were rinsed with 
200 g of acetone to obtain 256 g of 2,6-NDCA • DEA crystals (76.3 % recovery). The chemical composition and the 
degree of coloration of the obtained crystals are shown in Table 4. 

5 

Example 15 

[0065] Into a 2-liter three-necked glass flask equipped with a reflux condenser, a stin-ing device and a temperature- 
measuring tube, were charged 200 g of the crude 2,6-NDCA shown in Table 1, 800 g of acetone and 161 g of water. 
10 After adding 131 .1 g of 70wt.% EA aqueous solution (1 .1 equivalents based on the acid equivalent of 2,6-NDCA), the 
contents of the flask was mixed with stinging at a constant temperature of 25*'C for 30 minutes to form amine salt. The 
resultant siun7 containing 2,6-NDCA* EA crystals was filtered through a G2 glass filter, and the crystals on the filter 
were rinsed with 200 g of acetone to obtain 222 g of 2,6-NDCA • EA crystals (73.9 % recovery). The chemical compo- 
sition and the degree of coloration of the obtained crystals are shown in Table 4. 

15 

Comparative Example 1 

[0066] Into a 2-liter SUS autoclave equipped with a stimng device, a temperature-measuring tube, a pressure filter 
and a heating medium circulator, were charged the same starting materials In the same charged amounts as in Exam- 

20 pie 1 . The contents of the autoclave were heated to 120°C and stirred at that temperature for 30 minutes, thereby com- 
pletely dissolving the contents. At this time, the Inner pressure of the autoclave was 0.35 MPa. Then, the resultant 
solution was cooled to 25''C over 3 hours and stirred for 30 minutes. The resultant mixture was pressure-filtered at 25''C 
and the collected crystals were rinsed with 200 g of acetone, thereby obtaining 31 6 g of 2,6-NDCA -TEA crystals (75.2 
% recovery). The chemical composition and the degree of coloration of the obtained crystals are shown in Table 4. 

25 [0067] Although the crude naphthalenedtearboxylk: acid was somewhat purified by recrystallization, the use of a 
pressure reaction vessel was essential and a large quantity of energy was required for the heat dissolution and cooling. 
Further, the process was complicated and time-consuming. 

Comparative Example 2 

30 

[0068] Into a 2 liter three-necked glass flask equipped with a reflux condenser, a stirring device and a temperature- 
measuring tube, were charged 200 g of the crude 2,6-NDCA shown in Table 1 , 400 g of water and 200 g of TEA. The 
contents were stirred and completely dissolved. The resultant solution was added with 20 g of activated carbon powder 
(Wako Junyaku Co., Ltd.), stirred for 30 minutes, and then filtered through a G2 glass fitter to remove the activated car- 
35 bon. 

[0069] The filtrate was evaporated to dryness by an evaporator, and the crystals obtained were vacuum-dried at 
lOO^'C for 3 hours. The chemical composition and the degree of coloration of the obtained crystals are shown in Table 
4. In-espective of using a large amount of activated carison, the decoloration was unsatisfactory and the removal of 
organic impurities was insufficient. 

40 

Table 4 



Example 13 Example 14 Example 15 Comparative Comparative 

Example 11 Example 12 

Chemical Composition (%) 



2.6-NDeA 


99.883 


99.855 


99.867 


99.804 


98.530 


TMAC 


0.012 


0.021 


0.018 


0.042 


0.890 


FNA 


0.015 


0.018 


0.016 


0.055 


0.021 


NTCA 


0.048 


0.055 


0.048 


0.046 


0.290 


Br-NDCA 


0.032 


0.032 


0.028 


0.042 


0.110 


L.E. 


0.005 


0.004 


0.005 


0.005 


0.070 
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H.E 0.005 0.015 0.018 0.006 0.089 

Degree of Coloration 

OD400 0.164 0.168 0.156 0.172 0.223 



10 



Example 16 

15 

[0070] Into 2-llter three-necked glass flask equipped with a refiux condenser, a stirring device and a temperature- 
measuring tube, were charged 2000 g of respective water-acetone mixed solvents having water contents of 4%, 10%, 
30% and 60%. Further, 200 g of the crude 2,6-NDCA shown in Table 1 were charged. After adding 200 g of TEA to the 
flask, the contents were mixed with stirring for 30 minutes to form amine salt. The resultant sluny containing 2,6- 
20 NDCA • TEA crystals was filtered at 25^C through a G2 glass filter and the crystals on the filter were rinsed with a suit- 
able amount of acetone. 

[0071] The charged amounts, the amounts of crystals obtained, recovery of the crystals and the chemical compo- 
sitions of the obtained purified 2,6-NDCA - TEA crystals are collectively shown in Table 5. When the water content was 
too low, the decoloration was insufficient and the removal of organic impurities was low. On the contrary, when the water 
25 content was too high, the recovery of 2,6-NDCA • TEA crystals was low although a high purification effect was obtained. 

Table 5 



30 



35 



40 



45 



50 



55 



Water nnntPnte nf M^ypH Solvgnts 
4% 10% 30% 60% 



Charged Amounts (g) 

Crude 2,6-NDCA 200 200 200 200 

TEA 200 200 200 200 
Mixed Solvent 

Acetone 1920 1800 350 200 

Water 80 200 150 300 

Recovered Crystals (g) 413 397 274 84 

Recovery of NDCA (%) 99.4 94.4 65.1 19.9 
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Composition of organic compounds (%) 



5 


2,6-NDCA 


99.566 


99.855 


99.931 


A A no 1 

99.931 




TMAC 


0.089 


0.027 


0.008 


0.007 




FNA 


0.074 


0.0Z7 


U.UuD 


u.uuo 


10 


NTCA 


0.102 


0.045 


0.032 


0.034 




Br-NDCA 


0.055 


0.033 


0.020 


0.021 




L.E. 


0.058 


0.007 


0.002 


0.001 


15 


H.E 

Degree of Coloration 


0.056 


0.006 


0.002 


0.001 


20 


OD400 


0.342 


0.211 


0.110 


0.108 



25 Example 17 

[0072] Into 200 g of water, 200 g of purified 2,6-NDCA • TEA crystals which were produced in the same manner as 
in Example 2 were dissolved, and the resultant solution was subjected to precision filtration using a l^m filter to remove 
foreign materials and insolubles. 

30 [0073] Into a 1 -liter SUS autoclave equipped with a condenser, a stimng device, a pressure filter and an aluminum 
block heater, were charged the aqueous solution of the amine salt The solution was heated to ISO^'C, and the salt 
decomposition was earned out for 3 hours by feeding water, while maintaining the temperature at 1 50°C under stirring, 
at a feeding rate of 200 g/hr so as to compensate for the distillation loss by feeding water. Then, the reaction mixture 
was allowed to stand until it was cooled to 1 00°C, and pressure-filtered to obtain crystals, which were washed with 200 

35 g of water, and then vacuum-dried at 50**C for 3 hours. As a result, 92.1 g of 2,6-NDCA were obtained. The chemical 
composition and the degree of coloration of the obtained crystals are shown in Table 6. The obtained highly pure 2,6- 
NDCA had a large particle size and was sufficient in decoloration and removal of organic impurities. 

Example 18 

40 

[0074] In the same manner as in Example 17 except for using 200 g of the purified 2,6-NDCA 'TMA obtained in 
Example 1 3 in place of 200 g of 2,6-NDCA • TEA. 11 0.5 g of highly pure 2,6-NDCA were obtained. The chemical com- 
position and the degree of coloration of the obtained crystals are shown in Table 6. 

45 Example 19 

[0075] In the same manner as in Example 17 except for using 200 g of the purified 2,6-NDCA • DEA obtained in 
Example 14 in place of 200 g of the purified 2,6-NDCA -TEA, 60.6 g of highly pure 2,6-NDCA were obtained. The 
chemical composition and the degree of coloration of the obtained crystals are shown in Table 6. The yield was lower 
50 than those of Examples 17 and 1 8 using the TEA and TMA salts due to slow decomposition of the amine salt Also, 
theparticle size was slightly smaller than those using the TEA and TMA salts. 

Example 20 

55 [0076] In the same manner as in Example 17 except for using 200 g of the purified 2,6-NDCA - EA obtained in 
Example 15 in place of 200 g of the purified 2,6-NDCA -TEA, 50.9 g of highly pure 2,6-NDCA were obtained. The 
chemical composition and the degree of coloration of the obtained crystals are shown in Table 6. The yield was lower 
than those of Examples 1 7 and 1 8 using the TEA and TMA salts due to slow decomposition of the amine salt Also, the 
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particle size was slightly smaller tlian those using the TEA and IMA salts. 

Table 6 



Example 17 Example 18 Example 19 Example 20 



Chemical Composition (%) 





2,6.NDCA 


99.989 


99.984 


99.982 


99.983 


10 


TMAC 


0.000 


0.000 


0.000 


0.000 




FNA 


0.008 


0.012 


0.015 


0.012 




NTCA 


0.000 


0.000 


0.000 


0.000 



15 



20 



25 



30 



35 



Br-NDCA 0.000 0.000 0.000 0.000 

L.E. 0.002 0.001 0.001 0.003 

H.E 0.001 0.003 0.002 0.002 

Co + Mn(ppm) <5 <5 <5 <5 

Mean Particle Diameter (»im) 

125 132 88 75 

Degree of Coloration 

OD400 0.084 0.079 0.088 0.089 



Example 21 

40 [0077] Into a 2-llter three-necked glass flask equipped with a reflux condenser, a stimng device and a temperature- 
nneasuring tube, were charged 200 g of the crude 2,6-NDCA shown in Table 1, 160 g of acetone and 120 g of H2O 
(water content of mixed solvent: 42.8%). After adding 200 g of TEA, the contents of the flask was mixed with stirring at 
a constant temperature of 2S''C for 30 minutes to form amine salt. Then, 644 g of acetone were added to the flask, and 
the contents of the flask were mixed with stirring for 30 minutes, thereby further precipitating 2,6-NDCA • TEA crystals. 

45 The resultant slun7 containing 2,6-NDCA 'TEA crystals was filtered through a G2 glass filter. and the crystals on the 
filter were rinsed with 300 g of acetone, thereby obtaining 412 g of purified 2,6-NDCA • TEA crystals (98.0% recovery). 
The chemical composition and the degree of coloration of the obtained crystals are shown in Table 7. In this Example, 
the formation of amine salt was completed by using the solvent having a high water content and the crystals were pre- 
cipitated by the addition of acetone. The precipitated crystals were less colored although the recovery was high. 

50 [0078] Into 200 g of water, 200 g of purified 2,6-NDCA • TEA crystals were dissolved, and the resultant solution was 
subjected to precision filtration using a ^\^m filter to remove foreign materials and insoiubles. 
[0079] Into a 1 -liter SUS autoclave equipped with a condenser, a stln-ing device, a pressure filter and an aluminum 
block heater, were charged the aqueous solution of the amine salt. The solution was heated to 200°C, and the salt 
decomposition was caried out for 3 hours by feeding water, while maintaining the temperature at 200''C under stirring. 

55 at a feeding rate of 200 g/hr so as to compensate for the distillation loss by feeding water. Then, the reaction mixture 
was allowed to stand until it was cooled to 1 0O'^C and filtered to obtain crystals, which were washed with water and then 
vacuum-dried. As a result, 93.3 g of highly pure 2,6-NDCA were obtained. The chemical composition and the degree 
of coloration of the obtained crystals are shown in Table 7. 
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Table! 



2.6-NDCA-TEA 2.6-NDCA 



Chemical Composition (%) 





2,6.NDCA 


99.871 


99.976 


10 


TMAC 


0.015 


0.000 




FNA 


0.018 






NTCA 


0.050 


0.000 


IS 


Br-NDCA 


0.021 


0.000 




L.E. 


0.013 


0.008 




H.E 


0.002 


0.004 


20 


Co + Mn (ppm) 




<5 




Mean Particle Diameter dim) 










142 



25 



30 



35 



Degree of Coloration 

OD400 0.158 0.120 



Example 22 



[0080] Into a 3-iiter three-necked glass flask equipped with a reflux condenser, a stin-ing device and a temperature- 
measuring tube, were charged 250 g of the crude 2,6-NDCA shown in Table 1, 1,800 g of acetone and 200 g of H2O. 
After adding 250 g of TEA, the contents of the flask were mixed with stirring for 30 minutes to fonn amine salt. After 
cooling to 1 0°C, the resultant sluny containing 2,6-NDCA • TEA crystals was filtered through a G2 glass filter, and the 
40 crystals on the filter were rinsed with 400 g of acetone, thereby obtaining 408 g of first 2,6-NDCA • TEA crystals before 
recrystallization (96.1% recovery). 

[0081 ] Into a 2-iiter SUS autoclave equipped with a stimng device, a temperature-measuring tube, a pressure filter 
and a jacket, were charged 400 g of 2,6-NDCA * TEA crystals obtained above, 800 g of acetone and 200 g of water. The 
contents of the autoclave were heated to 90°C while circulating hot water through the jacket, were completely dissolved 

45 at 90**C under stirring for 30 minutes. At this time, the inner pressure of the autoclave was 0.25 MPa. Then, the resultant 
solution was cooled to 25''C over 3 hours, and then pressure*filtered at 25''C. The obtained crystals were rinsed with 
200 g of acetone to obtain second 312 g of 2,6-NDCA • TEA crystals after recrystallization (78.0% recovery). 
[0082] In the same manner as in Example 17 except for using 200 g of the 2nd 2,6-NDCA -TEA as the starting 
material, highly pure 2,6-NDCA was obtained. The chemical composition and the degree of coloration of the obtained 

50 crystals are shown in Table 8. 

[0083] By recrystallization, before the salt decomposition step, of the 2,6-NDCA • TEA, extremely pure 2,6-NDCA 
was obtained. 
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Table 8 



First Second 2,6-NDCA 

2.6-NDCA'TEA 2.6-NDCA-TEA 

Chemical Composition (%) 

2,6-NDCA 99.810 99.988 99.995 

TMAC 0.045 0.001 0.000 

FNA 0.055 0.000 0.000 



NTCA 0.037 

Br-NDCA 0.038 

L.E. 0.007 

H.E 0.008 
Co + Mn (ppm) - 
Mean Particle Diameter (^un) 

Degree of Coloration 

OD400 0.225 



0.004 0.000 
0.003 0.000 
0.002 0.002 
0.002 0.003 
<5 

125 

0.030 0.020 



Example 23 

[0084] In the same manner as in Example 2 except for adding 2.0 g of powdery activated carbon (produced by 
Wako Junyaioj Co., Ltd.), 328 g of 2,6-NDCA • TEA were obtained (78.0% recovery). The chemical composition and the 

degree of coloration of the obtained crystals are shown in Table 9. 

[0085] In the same manner as in Example 17, highly pure 2,6-NDCA having the chemical composition and the 
degree of coloration as shown in Table 9 was obtained by using the purified 2,6-NDCA • TEA obtained above. Since the 
treatment by powdered activated carbon was made in the salt formation, the resultant 2,6-NDCA • TEA was extremely 
pure. 
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Table 9 



2,6-NDCA'TEA 2.6-NDCA 



10 



Chemical Composition (%) 

2,6-NDCA 99.922 99,998 

TMAC 0-010 0.000 

FNA 0.000 0.000 



NTCA 0.041 0.000 

15 Br-NDCA 0.025 0.000 

0.001 0.001 

H.E 0.001 0.001 

20 



25 Co + Mn (ppm) - <5 

Mean Partide Diameter (jim) - 120 

Degree of Coloration (OD400) 0.042 0.03 1 



30 



35 Example 24 

[0086] Into 2,000 g of water, were dissolved 2,000 g of purified 2.6-NDCA • TEA wiiich were obtained in the same 
manner as In Example 2 except for scaling up by 10 times. The resultant solution was filtered through a 1pm filter to 
remove foreign materials and insolubles. Separately, a jacketed stainless steel reaction tube having an Inner diameter 

40 of 13 mm was filled with 5 g of granular activated carbon (produced by Kuraray Co., Ltd.) and heated to 80°C. Then, the 
solution of 2,6-NDCA*TEA was passed through the reaction tube at a rate of 100 g/hr while maintaining the reaction 
tube at SO'^C. After the whole solution was passed, a part of the effluent was dried under reduced pressure and ana- 
lyzed. The results of analysis showed that the effluent was aqueous solution of 2,6-NDCA»TEA having the chemical 
composition and the degree of coloration as shown in Table 10. Using 400 g of the aqueous solution of 2,6- 

45 NDCA • TEA, highly pure 2,6-NDCA having the chemical composition and the degree of coloration as shown in Table 
1 0 was obtained by the salt decomposition In the same manner as In Example 1 7. 



50 



55 
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Table 10 



Cheixiical Composition (%) 



2,6>hfDCA'TEA 2.6>NDCA 



10 



IS 



20 



25 



30 



2,6-NDCA 


99.946 


99.998 


TMAC 


0.012 


0.000 


FNA 


0.000 


0.000 


NTCA 


0.020 


0.000 


Br-NDCA 


0.010 


0.000 


LE 


0 008 


0 001 


H.E 


0.004 


0.001 


Co + Mn (ppm) 




<5 


Mean Partide Diameter (|im) 




124 


Degree of Coloration (OD400) 


0.035 


0.028 



Example 25 

35 

[0087] The oxidation product of 4-ethyi-4'-formyl biphenyl in tlie presence of an oxidation catalyst containing a 
heavy nnetal and a bromine compound was filtered, washed and then dried to produce a crude 4,4'-BPDA shown in 

Table 11 as a starting material. 

[0088] Into a 2-liter three-necked glass flask equipped with a reflux condenser, a stirring device and a temperature- 
40 measuring tube, were charged 200 g of the crude 4,4'-BPDA shown in Table 1 1 and 500 g of 5% water-containing ace- 
tone as a solvent. After adding 220 g of TEA (1.1 equivalents based on the acid equivalent of 4,4'-BPDA), the contents 
of the flask was mixed with stirring at a constant temperature of lO^'C for 30 minutes to fomn amine salt. The resultant 
slurry containing purified 4,4'-BPDA*TEA crystals was filtered through a G2 glass filter, and the crystals on the filter 
were rinsed with 200 g of acetone to obtain 298 g of 4,4'-BPDA • TEA crystals (78.0 % recovery). The chemical compo- 
45 sitlon and the degree of coloration of the obtained crystals are shown In Table 1 1 . 

Example 26 

[0089] In the same manner as in Example 25 except that 5wt.% water-containing pyridine was used instead of 500 
50 g of 5wt.% water-containing acetone, 246 g of 4,4'-BPDA • TEA crystals were obtained (64.4 % recovery). The chemteal 
composition and the degree of coloration of the obtained crystals are shown in Table 1 1 . 

Example 27 

55 [0090] In the same manner as in Example 25 except that 500 g of N.N-dlmethyl acetamide were used instead of 
500 g of 5wt.% water-containing acetone, 321 g of 4,4'-BPDA-TEA crystals were obtained (84.0 % recovery). The 
chemical composition and the degree of coloration of the obtained crystals are shown in Table 1 1 . 
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Table 11 



5 




Crude 
4,4'-BPDA 


Example 25 


Example 26 


Example 27 




Cbeimcal Composition (^^) 










4,4'-BPDA 


96.99 


QQ Q^A 


QQ Q01 




10 


BPDAIS 


0.38 


0 006 


0 007 

\M.\M\i f 


0 025 




BPMA 


0.18 


0.015 


A AOl 

O.Ool 


U.Uoo 




TA 


1.75 


0.004 


0.003 


0.005 


15 


L.E. 


0.45 


0.012 


0.014 


0.012 




H.E 


0.25 


0.027 


0.014 


0.025 


20 


Degree of Coloration 








OD400 


1.589 


0.189 


0.216 


0.359 



25 

Example 28 

[0091] tn the same manner as in Example 25 except that 400 g of a-picoline were used instead of 500 g of 5wt.% 
30 water-containing acetone, 245 g of 4,4'-BPDA • TEA crystals were obtained (64. 1 % recovery). The chemical composi- 
tion and the degree of coloration of the obtained crystals are shown in Table 12. 

Example 29 

35 [0092] in the same manner as in Example 25 except that 2 g of powdered activated carbon (Wako Junyaku Co., 
Ltd.) were added together with the solvent in the salt formation step, 302 g of 4,4'-BPDA 'TEA crystals were obtained 
(79.1 % recovery). The chemical composition and the degree of coloration of the obtained crystals are shown in Table 
12. 

40 Example 30 

[0093] Into 200 g of water, 200 g of purified 4,4'-BPDA • TEA crystals produced in Example 25 were dissolved, and 
the resultant solution was subjected to precision filtration using a 1^ filter to remove foreign materials and insoluble 
metals. 

45 [0094] Into a 1 -liter SUS autoclave equipped with a condenser, a stimng device, a pressure filter and an aluminum 
block heater, were charged the aqueous solution of the amine salt The solution was heated to 150°C, and the salt 
decomposition was can'led out for 3 hours by feeding water, while maintaining the temperature at 150''C under stirring, 
at a feeding rate of 200 g/hr so as to compensate for the distillation loss by feeding water. Then, the reaction mixture 
was allowed to stand until it was cooled to lOO^'C, and pressure-filtered to obtain crystals, which were washed with 200 

50 g of water, and then vacuum-dried at 50°C for 3 hours. As a result, 1 00.3 g of 4,4'-BPDA were obtained. The chemical 
composition and the degree of coloration of the obtained crystals are shown in Table 1 2. The obtained highly pure 4,4'- 
BPDA had a large particle size and was sufficient in decoloration and removal of organic impurities. 



55 



Example 31 

[0095] Using 200 g of the 4,4'-BPDA • TEA obtained in Example 29, the same procedures as In Example 30 were 
repeated to obtain 98.8 g of 4,4'-BPDA. The chemical composition and the degree of coloration of the obtained crystals 
are shown in Table 12. 4,4'-BPDA with much higher purity was obtained by the treatment with activated cariaon. 
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Table 12 



Example 28 Example 29 Example 30 Example 31 

Chemical Composition (%) 

4,4*.BPDA 99.891 99.937 99.994 99.998 



BPDAIS 


0.012 


0.015 


0.000 


0.000 


BPMA 


0.034 


0.008 


0.003 


0.000 


TA 


0.007 


0.004 


0.000 


0.000 


L.E. 


0.024 


0.008 


0.001 


0.001 


H.E 


0.032 


0.028 


0.002 


0.001 


Co Mn (ppm) 






<5 


<5 


Mean Particle Diameter (^m) 














115 


116 


Degree of Coloration 










OD400 


0.389 


0.068 


0.167 


0.043 



[0096] In accordance with the present invention, purified amine salts of aromatic polycarboxylic acids are obtained 
in the fomn of crystals by simply mixing crude aromatic polycarboxylic acids with amines in a solvent at ordinary tem- 
perature under ordinary pressure. By subjecting aqueous solutions of the amine salts to decomposition, con-esponding 
highly pure aromatic polycarboxylic acids with less coloration are obtained. The process of the present invention is 
effectively applicable, in particular, to naphthatenedicarboxyllc acids and biphenyldicarboxylic acids which are sparingly 
soluble In water. 

[0097] The process for the production of highly pure aromatic polycarboxylic acid according to the present invention 
has the following advantages. 

(1) Since crude aromatic polycarboxylic acids are purified by merely mixing them with amines with stim'ng in the 
presence of a solvent at ordinary temperature under ordinary pressure, the process design and operations are sim- 
plified. 

(2) Since the salt formation includes no step of complete dissolution, the recovery of amine salts is freely controlled, 
and the recovery as high as 95% or more can be easily achieved. 

(3) By using recrystallization or activated carbon treatment in combination with the process of the present invention, 
the degree of purification Is further enhanced. 

(4) By thermally decomposing purified amine salts of aromatic polycarboxylic acids in the presence of water, highly 
pure and less colored aromatic polycarboxylic acids having sufficiently large crystal size are obtained. 

(5) Since amines and solvents used can be completely recovered, the amount of wastes can be reduced. 

[0098] Accordingly, in accordance with the present Invention, highly pure, less colored aromatic polycarboxylic 
acids are produced by simple procedures at low costs. The process of the present invention is highly advantageous to 
industrial applications and is of extreme industrial importance. 
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Claims 



1 . A process for producing a highly pure aromatic polycarboxylic acid, the process comprising a salt fonnation step of 
forming a crystalline amine salt by mixing an aromatic polycarboxylic acid with an aliphatic amine and/or an alicyclic 

5 amine in the presence of a solvent under conditions which allow a substantial part of the amine salt being fomned 
to precipitate, thereby preventing the amine salt from completely dissolving Into the solvent. 

2. The process according to claim 1 , further comprising a salt decomposition step of dissolving the amine salt of aro- 
matic polycarboxylic acid into water and subsequently decomposing the amine salt of aromatic polycarboxylic acid 

10 into aromatic polycarboxylic acid. 

3. The process according to claim 2, the amine salt is decomposed under heating. 

4. The process according to any one of claims 1 to 3, wherein the aromatic polycarboxylic acid is naphthalenedicar- 
15 boxylic acid or biphenyldicarboxyllc acid. 

5. The process according to any one of claims 1 to 4, wherein the aliphatic amine is a tertiary amine. 

6. The process according to claim 5, wherein the tertiary amine is triethylamine and/or trimethylamine. 

20 

7. The process according to any one of claims 1 to 6, wherein the solvent used in the salt formation step is a mixed 
solvent comprising water and a water-soluble organic solvent. 

8. The process according to claim 7, wherein the water-soluble organic solvent is at least one solvent selected from 
25 the group consisting of acetone, acetonltrile, pyridines, alcohols having 3 or less carbon atoms, dimethylacetamide 

and dimethylformamide. 

9. The process according to claim 6, wherein the water-soluble organic solvent is at least one solvent selected from 
the group consisting of acetone, pyridine and picoline. 

30 

1 0. The process according to claim 7 or 8, wherein the water content of the mixed solvent is 1 to 80% by weight. 

1 1 . The process according to any one of claims 1 to 1 0, wherein the salt fonnation step is carried out at 0 to 70^C. 

35 12. The process according to any one of claims 1 to 11 , wherein the amine salt is treated with activated carbon in the 
salt formation step. 

13. The process according to any one of claims 1 to 12, wherein the amine salt precipitated in the salt formation step 
is recrystallized from a solvent 

40 

14. The process according to any one of claims 1 to 13, wherein the amine salt precipitated in the salt formation step 
is dissolved in water, treated with activated carbon, and subjected to the salt decomposition step. 
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